Background {#Sec1}
==========

The *Candida parapsilosis* complex has emerged as an opportunistic fungal pathogen especially notable for causing nosocomial infections worldwide. It is composed of three genetically distinct species, namely *C. parapsilosis* sensu stricto, *C. orthopsilosis and C. metapsilosis*, which are physiologically and morphologically indistinguishable \[[@CR54]\]. Previous data have shown that these three species exhibit different prevalence rates, virulence, and in vitro antifungal susceptibility \[[@CR3], [@CR23], [@CR56], [@CR59]\].

Many virulence factors contribute to the pathogenesis of candidiasis, allowing the fungal cells to escape and/or overcome the host defenses. Among these factors proposed in the literature, adherence to host cells and/or tissues as well as to inert supports, phenotypic switching, biofilm formation and secretion of a large array of hydrolytic enzymes are included \[[@CR1], [@CR45], [@CR47], [@CR60]\]. But differences in these virulence factors among *C. parapsilosis* complex species have not been widely investigated. Aggravating this scenario, many contra-dictory results have been generated \[[@CR64]\]. So, further studies are needed to better understand the characteristics, including putative virulence traits, drug resistance trends, especially of the two rarely isolated species, *C. orthopsilosis* and *C. metapsilosis*. A better knowledge could have clinical relevance, as it may be useful in guiding therapeutic decisions \[[@CR13]\].

The aim of our study was to investigate the distribution of five virulence factors namely: biofilm production, caseinase, gelatinase, phospholipase and haemolysin extracellular production among *C. parapsilosis* complex isolates. The association of these virulence factors with resistance to antifungal agents was studied and the susceptibility of ours isolates to antifungal agents was evaluated in vitro*.* Additional aim of this study was to assess the relative contribution of the number of copies of drug resistance genes and their overexpressions to the azole resistance of *C. parapsilosis*.

Methods {#Sec2}
=======

Fungal strains {#Sec3}
--------------

A total number of 182 *C. parapsilosis* complex species isolates included in this study were recovered from clinical samples received by Department of Parasitology -- Mycology-university hospital - Sfax, Tunisia, during a 14 year period (from January 2002 to January 2016). They were 172 strains of *C. parapsilosis* sensu stricto*,* 6 strains of *C. metapsilosis* and 4 strains of *C. orthopsilosis.* Isolates were identified to the species level by standard methods. Molecular identification of the *C. parapsilosis* species complex was performed by *Ban*I PCR RFLP of SADH gene according to Tavanti A et al. \[[@CR54]\], and supplemented, as needed by internal transcribed spacer 1 (ITS1), 5.8S, and ITS2 region rRNA sequence analysis \[[@CR62]\]. Ten of these isolates were as reference strains, identified by ITS sequence analysis of the ribosomal DNA, and deposed in GenBank: *C. parapsilosis* sensu stricto (KT948326), *C. metapsilosis* (KU665248, KU665249, KU665250, KU665251 and KU665252) and *C. orthopsilosis* (KU665253, KU665254, KU665255, and KU665256).

Seven reference strains were included: *C. parapsilosis* (ATCC 22019), *C. orthopsilosis* (1,219,482, 1,343,124), *C. metapsilosis* (1240011), *C. albicans* (ATCC 3153), *C. glabrata* (CBS 138) and *C. tropicalis* (ATCC 66029).

Phospholipase activity {#Sec4}
----------------------

Phospholipase activity of *Candida* species was detected by egg yolk agar method \[[@CR40]\]. The egg yolk medium consisted of 65 g Sabouraud dextrose agar (SDA), 55.3 g NaCl, 5.5 g CaCl2 and 10% sterile egg yolk. Ten microliters of saline suspension prepared from a 48 h yeast culture (approximately 10^6^ cells/ml determined through densitometer) was spot inoculated in triplicate onto the medium and incubated at 37 °C for 7 days. The diameter of the colony (*a*) and the diameter of the precipitation zone plus the diameter of the colony (*b*) were measured. Phospholipase index was designated as Pz = *a*/*b*, as described by Price et al. \[[@CR40]\]. According to this definition, low Pz values mean high enzymatic production and, inversely, high Pz values indicate low enzymatic production. The enzymatic activity was scored into four categories: a Pz of 1.0 indicated no enzymatic activity; a Pz between 0.99 and 0.90 indicated weak enzymatic activity; Pz between 0.89 and 0.70 corresponded to moderate activity; and low Pz values ≤0.69 meant strong enzymatic activities.

Proteinase activity {#Sec5}
-------------------

For testing the proteinase activity of the *Candida* isolates, caseinase, and gelatinase activity tests were performed. A standard inoculum (10^6^ cells/ml) was prepared in saline solution from a 48 h yeast culture for each isolate.

Caseinase activity {#Sec6}
------------------

Caseinase activity was measured by single diffusion technique in SDA agar plates provided with 1% casein \[[@CR41]\]. Three aliquots of 10 μl of standard inoculum were spotted for each strain. The plate was then incubated at 37 °C for 5 days. The zone of clearance was measured by standard procedures.

Gelatinase activity {#Sec7}
-------------------

Gelatinase assay was done on SDA agar plates prepared with 1% gelatin \[[@CR41]\]. Single diffusion technique was applied in triplicate. The plate was then incubated for 5 days at 37 °C. The appearance of inhibition zone was clearly visualized by the addition of 0.1% mercuric chloride. The zone diameter was measured by standard procedures \[[@CR2]\].

Haemolytic activity {#Sec8}
-------------------

Haemolysin assay for *Candida* strains was performed according to a previously validated protocol by Luo G et al. \[[@CR31]\]. In brief, Sabouraud dextrose agar supplemented with 6% human blood and 3% glucose (pH = 5.6) was used to determine the hemolysin production. Suspension of yeast (10^6^ cells/ml) was prepared in saline solution and 10 μl was spot inoculated on human blood agar plates, incubated at 37 °C in 5% CO2 for 5 days. The haemolytic activity was calculated by dividing the diameters of the colony and the translucent zone of haemolysis.

Biofilm formation {#Sec9}
-----------------

The in vitro Biofilm formation of *Candida parapsilosis* complex isolates was quantified by a modification of a crystal violet assay as described by Silva S et al. \[[@CR50]\] with some modifications. Briefly, *Candida* isolates were first cultured at 37 °C for 24 h on SDA plates. 200 μl of standardized cell suspensions (containing 1 \_ 10^6^ cells ml ^−1^ in yeast peptone galactose medium (YPG)) were trans-ferred to each well of 96-well polystyrene microtiter plates (Kartell. SPA, Italy) and incubated at 37 °C on a shaker at 120 rpm/min. As a negative control, test medium without cells was added to three wells of each plate. At 24 h, 50 μl of YPG medium was added. The preparations were then incubated for a further 48 h. After the adhesion stage, non-adherent cells were removed by washing the wells twice with sterile ultra-pure water. Biofilms were fixed with 250 μl of methanol, which was removed after 15 min of contact. The microtiter plates were dried at room temperature, and 250 μl of crystal violet (CV) (1% *v*/v) added to each well and incubated for 5 min. The wells were then gently washed with sterile, ultra-pure water and 250 μl of acetic acid added to release and dissolve the stain. The absorbance of the obtained solution was read in triplicate in a microtiter plate reader (Halo LED 96, Dynamica, EU) at 620 nm. The absorbance values for the controls (containing no cells) were subtracted from the values for the test wells to eliminate spurious results due to background interference. Data were recorded as arithmetic means of absorbance values. Experiments were repeated as part of three independent assays.

Antifungal susceptibility testing {#Sec10}
---------------------------------

Antifungal susceptibility testing was performed as part of routine patient care. The in vitro susceptibility to eight antifungal drugs (fluconazole, itraconazole, ketoconazole, posaconazole, voriconazole, caspofungin, amphotericin B and 5-flucytosine) was determined using Sensititre Yeast OneTM YO8 methodology (Trek Diagnostic Systems) following the manufacturer's Instructions. minimal inhibitory concentration (MIC) values were interpreted according to the M27-A3 and M27-S4 documents published by the Clinical and Laboratory Standards Institute (CLSI) (CLSI 2008, CLSI 2012) \[[@CR38], [@CR39]\]. The clinical breakpoints defined for *Candida parapsilosis* were used for the interpretation of minimum inhibitory concentration (MIC) data as follows: susceptible (S) ≤2 μg/ml, susceptible dose dependent (SDD) 4 μg/ml, resistant (R) ≥8 μg/ml for fluconazole; S ≤ 0.125 μg/ml, SDD 0.25--0.5 μg/ml, *R* ≥ 1 μg/ml for itraconazole; S ≤ 0.125 μg/ml, S-DD 0.25--0.5 μg/ml, *R* ≥ 1 μg/ml for voriconazole; S ≤ 2 μg/ml, intermediate (I) 4 μg/ml, *R* ≥ 8 μg/ml for caspofungin; and S ≤ 4 μg/ml, I 8--16 μg/ml, *R* ≥ 32 μg/ml for 5-flucytosine. For amphotericin B, we adopted putative breakpoints as S, ≤1 mg/l and R, \>1 μg/ml \[[@CR37]\].

Mechanisms of azole resistance {#Sec11}
------------------------------

A RT-qPCR assay was developed to explore mechanisms of *C. parapsilosis* azole resistance. The levels of mRNA and DNA of the tested genes (ERG11, CDR1, MDR1, and MRR1) and the actin reference gene (ACT1) were measured. The primers and probes were designed using Primer3 software (<http://bioinfo.ut.ee/primer3-0.4.0/>) and are summarized in Table [1](#Tab1){ref-type="table"}.Table 1The sequences of primers and probes used in RT-qPCRGenePrimers and probesACT1F5′- CGAACGTGGTTACGGTTTCT- 3'R5′- TGACCATCTGGCAATTCGTA - 3'ProbeTET-TGCAAACCTCATCACAATCA-MGBCDR1F5′- GCTGTTGATCAAAGGGGTGT - 3'R5′- ATCCAAAATCCAGGCAACTG - 3'ProbeFAM- CTGATAATGCCGCCAATCTT-MGBERG11F5′- TGTTGCATTTGGCTGAGAAG - 3'R5′- TCTGAGGGTTTCCTTGATGG - 3'ProbeFAM-GGTAAAGGTGGCAACTTGGA-MGBMDR1F5′- TCCCCATTGCTATTGTTGGT - 3'R5′- TGCGCCCATATAATTGAACA - 3'ProbeFAM- TTGGTCGGCAACGACATATA-MGBMRR1F5′- CAGCTGCAACAACCACAACT - 3'R5′- TATCATCTAGGCCGCCATTC - 3'ProbeFAM- GCAACCACAGCCTATAGGGA-MGB

Cellular lysates were prepared from cells grown in culture to mid-log phase using proteinase K (Qiagen®). RNA was extracted from cellular lysates using the RNeasy Mini Kit (Qiagen®, Germany) according to the manufacturer s' instructions, and treated with DNase (Promega). For cDNA synthesis, 2.5 μl of total RNA was used as a template and subsequent reverse transcription was performed using the [PrimeScript RT Reagent Kit (Perfect Real Time)](http://www.clontech.com/xxclt_ibcGetAttachment.jsp?cItemId=56313&minisite=10023&secItmId=17105) from TaKaRa (Shiga, Japan), following the manufacturer's instructions.

The reaction mixture (20 μl) for TaqMan assay contained 10 μl TaqMan Universal PCR Master Mix (Applied Biosystems, UK), 20 pmol of forward and reverse primers, 7 pmol of hydrolysis probe and 1 μl of of template (extracted DNA or cDNA). The thermal conditions were as follows: initial holding stage at 50 °C for 2 min and 95 °C for 10 min, followed by 50 cycles at 95 °C for 15 s and a final step at 54 °C for 1 min. All reactions were performed in triplicate in 48-well reaction plates using a StepOne™ Real Time PCR machine (Applied Biosystems).

The software StepOne™ version 2.1 (Applied Biosystems) was used to collect Cq data and to calculate the relative quantification (RQ). Fold changes in target gene expression were then normalized to reference gene via the published comparative 2^--∆∆Cq^ method according to the formula: RQ = 2^--(Cq\ target\ --\ Cq\ reference)\ tested\ --\ (Cq\ target--Cq\ reference)\ control^. A change of 2.5 times was considered as gene overexpression or an increase in gene copy number \[[@CR26], [@CR63]\].

Statistical analysis {#Sec12}
--------------------

All statistical analyses were performed using IBM SPSS software (version 20.0; IBM SPSS Inc., New York, USA). Categorical variables were compared using the ×2 or Fisher's exact test, and continuous variables by the ANOVA test. One-way ANOVA followed by Tukey's post-hoc test were used to evaluate the level of statistical significance of clustering. A *P* value of 0.05 was considered significant. Pearson's correlation coefficient (*r*) was calculated to measure correlation between different virulence factors. Where the value *r* = 1, means a perfect positive correlation, the value *r* = 0, means no correlation and the value *r* = −1, means a perfect negative correlation.

Results {#Sec13}
=======

In our study, we evaluated the in vitro capacities of 172 *C. parapsilosis* isolates, 6 C. *metapsilosis* isolates, 4 C. *orthopsilosis* isolates and 32 *C. albicans* isolates to produce phospholipase, hemolysin and proteases (caseinase and gelatinase enzyme). Enzymatic activities of tested isolates were expressed as mean ± SD (Table [2](#Tab2){ref-type="table"}), and activity distributions were summarized in Table [2](#Tab2){ref-type="table"}. All the fungal strains were able to produce at least two types of hydrolytic enzymes. Table [3](#Tab3){ref-type="table"} presented the data from the variance analyses of the different clinical samples from which the strains were isolated and the levels of the different virulence factors.Table 2Level of phospholipase, caseinase, gelatinase and hemolysin production by *C. parapsilosis* complex species and *C. albicans*Phospholipase activity\
(number of isolates /rate of isolates)Caseinase activity\
(number of isolates /rate of isolates)Gelatinase activity\
(number of isolates /rate of isolates)Hemolysin activity\
(number of isolates /rate of isolates)Mean (*Pz*)\
± SDStrong\
*n* (%)Moderate\
*n* (%)Weak\
*n* (%)Nul\
*n* (%)Mean (*Pz*)\
± SDStrong\
*n* (%)Moderate\
*n* (%)Weak\
*n* (%)Nul\
*n* (%)Mean (*Pz*)\
± SDStrongModerateWeaknulMean (*Pz*)\
± SDStrongModerateWeaknul*C.parapsilosis* Complex (*n* = 182)0.86\
±0.1316\
(8.8)92\
(50.5)3\
(1.6)71\
(39)0.51\
±0.18156\
(85.7)10\
(5.5)1\
(0.5)15\
(8.2)0.71\
±0.0985\
(46.7)91\
(50)0\
(0)6\
(3.3)0.62\
±0.1141\
(77.5)41\
(22.5)0\
(0)0\
(0)*C.parapsilosis* (*n* = 172)0.85\
±0.1216\
(9.3)92\
(53.5)3\
(1.7)61\
(35.5)0.5\
±0.18150\
(87.2)6\
(3.5)1\
(0.6)15\
(8.7)0.71\
±0.0981\
(47.1)85\
(49.4)0\
(0)6\
(3.5)0.61\
±0.09137\
(79.7)35\
(20.3)0\
(0)0\
(0)*C.metapsilosis* (*n* = 6)1\
±00\
(0)0\
(0)0\
(0)6\
(100)0.72\
±0.12\
(33.3)4\
(66.7)0\
(0)0\
(0)0.72\
±0.113\
(50)3\
(50)0\
(0)0\
(0)0.81\
±0.081\
(16.7)5\
(83.3)0\
(0)0\
(0)*C.orthopsilosis* (*n* = 4)1\
±00\
(0)0\
(0)0\
(0)4\
(100)0.49\
±0.074\
(100)0\
(0)0\
(0)0\
(0)0.71\
±0.041\
(25)3\
(75)0\
(0)0\
(0)0.63\
±0.093\
(25)1\
(75)0\
(0)0\
(0)*C.albicans* (*n* = 32)0.62\
±0.1626\
(81.3)2\
(6.3)0\
(0)4\
(12.5)0.69\
±0.1219\
(59.4)9\
(28.1)4\
(12.5)0\
(0)0.72\
±0.047\
(21.9)25\
(78.1)0\
(0)0\
(0)0.7\
±0.1115\
(46.9)16\
(50)1\
(3.1)0\
(0)N: number of tested isolatesn: number of isolates with positive activity for the corresponding hydrolytic enzymeSD: standard deviation Table 3Distribution of enzymatic activities from *C. parapsilosis* complex species isolated from different clinical sitesPhospholipase activity\
Mean (*Pz*) ± SDCaseinase activity\
Mean (*Pz*) ± SDGelatinase activity\
Mean (*Pz*) ± SDHemolysin activity\
Mean (*Pz*) ± SD*C.parapsilosis*\
(n/N)*C.metapsilosis*\
(n/N)*C.orthopsilosis*\
(n/N)*C.parapsilosis*\
(n/N)*C.metapsilosis*\
(n/N)*C.orthopsilosis*\
(n/N)*C.parapsilosis*\
(n/N)*C.metapsilosis*\
(n/N)*C.orthopsilosis*\
(n/N)*C.parapsilosis*\
(n/N)*C.metapsilosis*\
(n/N)*C.orthopsilosis*\
(n/N)Blood (*N* = 64)0.82 ± 0.12\
(46/62)1\
(0/1)1\
(0/1)0.46 ± 0.13\
(60/62)0.71\
(1/1)0.49\
(1/1)0.7 ± 0.07\
(61/62)0.65\
(1/1)0.65\
(1/1)0.6 ± 0.09\
(62/62)0.87\
(1/1)0.73\
(1/1)Urine (*N* = 31)0.89 ± 0.12\
(16/29)1\
(0/1)1\
(0/1)0.52 ± 0.21\
(25/29)0.67\
(1/1)0.46\
(1/1)0.71 ± 0.11\
(27/29)0.8\
(1/1)0.73\
(1/1)0.62 ± 0.1\
(29/29)0.86\
(1/1)0.65\
(1/1)Auricular sample (*N* = 43)0.88 ± 0.12\
(22/39)1 ± 0\
(0/3)1\
(0/1)0.59 ± 0.22\
(31/39)0.73 ± 0.15\
(3/3)0.59\
(1/1)0.71 ± 0.08\
(38/39)0.74 ± 0.14\
(3/3)0.75\
(1/1)0.62 ± 0.08\
(39/39)0.75 ± 0.09\
(3/3)0.51\
(1/1)Respiratory tract (*N* = 4)0.88 ± 0.15\
(2/4)0\
(0)0\
(0)0.45 ± 0.05\
(4/4)0\
(0)0\
(0)0.67 ± 0.04\
(4/4)0\
(0)0\
(0)0.62 ± 0.08\
(4/4)0\
(0)0\
(0)Catheter (*N* = 9)0.88 ± 0.12\
(5/9)0\
(0)0\
(0)0.39 ± 0.03\
(9/9)0\
(0)0\
(0)0.68 ± 0.02\
(9/9)0\
(0)0\
(0)0.61 ± 0.1\
(9/9)0\
(0)0\
(0)Skin (*N* = 8)0.82 ± 0.14\
(5/7)1\
(0/1)0\
(0)0.38 ± 0.04\
(7/7)0.72\
(1/1)0\
(0)0.71 ± 0.14\
(6/7)0.67\
(1/1)0\
(0)0.6 ± 0.11\
(7/7)0.84\
(1/1)0\
(0)Nails (*N* = 2)1 ± 0\
(0/2)0\
(0)0\
(0)0.44 ± 0.02\
(2/2)0\
(0)0\
(0)0.78 ± 0.01\
(2/2)0\
(0)0\
(0)0.5 ± 0.01\
(2/2)0\
(0)0\
(0)Oral cavity (*N* = 3)0.84 ± 0.07\
(3/3)0\
(0)0\
(0)0.49 ± 0.13\
(3/3)0\
(0)0\
(0)0.7 ± 0.03\
(3/3)0\
(0)0\
(0)0.57 ± 0.07\
(3/3)0\
(0)0\
(0)Vagina (*N* = 1)0.89\
(1/1)0\
(0)0\
(0)0.35\
(1/1)0\
(0)0\
(0)0.67\
(1/1)0\
(0)0\
(0)0.64\
(1/1)0\
(0)0\
(0)Peritoneal fluid (*N* = 1)0.74\
(1/1)0\
(0)0\
(0)0.47\
(1/1)0\
(0)0\
(0)0.8\
(1/1)0\
(0)0\
(0)0.57\
(1/1)0\
(0)0\
(0)Hand carriage (*N* = 16)0.82 ± 0.13\
(10/15)0\
(0)1\
(0/1)0.56 ± 0.2\
(14/15)0\
(0)0.44\
(1/1)0.76 ± 0.09\
(14/15)0\
(0)0.71\
(1/1)0.65 ± 0.11\
(15/15)0\
(0)0.63\
(1/1)N: number of tested isolatesn: number of isolates with positive activity for the corresponding hydrolytic enzymeSD: standard deviation

Phospholipase activity {#Sec14}
----------------------

Of the 172 isolates of *C. parapsilosis*, 111 (63.5%) were phospholipase positive. 92 (53.5.0%) had moderate activity. The mean Pz value for positive *C. parapsilosis* isolates was 0.85 ± 0.12. None of the *C. metapsilosis* or *C. orthopsilosis* isolates was able to produce phospholipase (Table [2](#Tab2){ref-type="table"}). A significant difference in phospholipase activity was detected between *C. parapsilosis* and *C. metapsilosis* isolates (*P* = 0.028).

The phospholipase activity of *C. albicans* was statistically significantly higher than that of the *C. parapsilosis* complex species (*P* = 0.0001).

The strains isolated from blood culture, skin, and hand carriage of health workers showed similar Pz average values with no statistically significant differences observed among them (*P* \> 0.668).

Caseinase activity {#Sec15}
------------------

A total of 157 (92.3%) isolates of *C. parapsilosis* were caseinase producers, most of which (87.2%) showed strong enzymatic activity. For *C. metapsilosis*, all isolates were proteinase positive, 2 (33.3%) of which were shown to be strong producers. For *C. orthopsilosis*, the four isolates (100%) were strong producers.

Higher caseinase activities were detected in *C. parapsilosis* (0.5 ± 0.18) and *C. orthopsilosis* (0.49 ± 0.07) than in *C. metapsilosis* isolates (0.72 ± 0.1) with a statistical significant difference (*P* = 0.012).

Most caseinase-producing *C. albicans* strains had strong (59.4%) or moderate (28.1%) enzymatic activity. Statistical significant difference was observed between the mean caseinase indices of *C. albicans* and *C. parapsilosis* complex species (*P* = 0.0001).

It was noted that a higher percentage of *C. parapsilosis* isolates recovered from blood (96.8%), skin (100%) and catheter (100%) were positive for caseinase activity (Table [3](#Tab3){ref-type="table"}). No statistical significant difference was observed between the mean caseinase indices and the clinical site of isolation (*P* \> 0.356).

Gelatinase activity {#Sec16}
-------------------

The majority of tested fungal isolates showed gelatinase activity except for 6 among 172 *C. parapsilopsis* strains. 47.1% of *C. parapsilosis* and 50% of *C. metapsilosis* isolates exhibited low Pz values, which indicate high enzymatic production; whereas the majority of *C. albicans* isolates (78.1%) and *C. orthopsilosis* isolates (75%) displayed moderate Pz values.

No statistical significant difference was observed between the mean gelatinase Pz values of *C. albicans* and *C. parapsilosis* complex species (*P* = 0.698).

Gelatinase production was high in *C. parapsilosis* isolated from vaginal sample and respiratory tract (Pz =0.67). For *C. orthopsilosis* and *C. metapsilosis,* strains isolated from blood culture exhibited stronger activities with lowest average Pz values (Table [3](#Tab3){ref-type="table"}).

Haemolytic activity {#Sec17}
-------------------

All of the *C. albicans*, *C. parapsilopsis, C. metapsilosis* and *C. orthopsilosis* isolates had haemolytic activity on human blood SDA. The majority (79.7%) of *C. parapsilosis* isolates showed a strong activity. But, the majority of *C. metapsilosis* (83.3%) and *C. orthopsilosis* (75%) isolates showed moderate activities. Moreover, *C. metapsilosis* exhibited the low hemolysin production with statistical significant differences compared to *C. parapsilosis* (*P* = 0.0001) and *C. orthopsilosis* (*P* = 0.026).

The haemolytic activity of *C. albicans* was statistically significantly lower than that of the *C. parapsilosis* isolates (*P* = 0.0001).

But, no statistical significant difference was observed between the mean hemolysin production and the clinical site of isolation (*P* \> 0.05) (Table [3](#Tab3){ref-type="table"}).

Biofilm formation {#Sec18}
-----------------

Table [4](#Tab4){ref-type="table"} presented the results of biofilm quantification using CV staining. Importantly, it was noticed that generally *C. parapsilosis* biofilms had more total biomass (average Abs~620~ = 0.475) compared with *C. orthopsilosis* (average Abs~620~ = 0.301) and *C. metapsilosis* (average Abs~620~ = 0.075).Table 4Biofilm production from *C. parapsilosis* complex species isolated from different clinical sites*C. parapsilosisC. metapsilosisC. orthopsilosis*NMean Abs ± SDRangeNMean Abs ± SDRangeNMean Abs\
± SDRangeBlood (*N* = 64)620.415 ± 0.6250.009--3.09310.0550.055--0.05510.3040.304--0.304Urine (*N* = 31)290.770 ± 0.9490.016--3.90310.0940.094--0.09410.5640.564--0.564Auricular sample (*N* = 43)390.347 ± 0.3470.003--1.55930.080 ± 0.0560.031--0.14210.1910.191--0.191Respiratory tract (*N* = 4)40.804 ± 0.6150.172--1.612000000Catheter (*N* = 9)90.611 ± 0.5620.080--1.776000000Skin (*N* = 8)70.334 ± 0.3720.044--1.07010.0610.061--0.061000Nails (*N* = 2)20.953 ± 1.3030.032--1.875000000Oral cavity (*N* = 3)31113 ± 0,7180.283--1.547000000Vagina (*N* = 1)10.8240.824--0.824000000Peritoneal fluid (*N* = 1)10.2630.263--0.263000000Hand carriage (*N* = 16)150.182 ± 0.1740.021--0.48200010.1450.145--0.145Total (*N* = 182)1720.475 ± 0.6330.003--3.90360.075 ± 0.0380.031--0.14240.301 ± 0.1870.145--0.564N: number of tested isolatesn: number of isolates with positive activity for the corresponding hydrolytic enzymeSD: standard deviation

In contrast, *C. parapsilosis* strains were heterogeneous in terms of the level of biofilm formation with a range of 0.003--3.903 and a 1301-fold difference between the highest and lowest biofilm-producing strains. *C. metapsilosis* strains exhibited a more homogeneous behavior with all strains being low biofilm formers. But, no significant difference in biofilm-forming ability was detected between *C. parapsilosis*, *C. orthopsilosis* and *C. metapsilosis* isolates (*P* = 0.384).

The mean Abs~620~ value for the *C. albicans* strains was 0.421 (±0.504, SD) with a range of 0.075--2.033. No statistical significant difference was observed between biofilm formation of this species and *C. parapsilosis* complex species (*P* = 0.967).

There was no statistically significant association between biofilm-forming ability and the clinical origin of the isolates (*P* \> 0.05).

Correlation analysis results with Pearson's coefficient revealed a positive correlation between secretion of caseinase and hemolysin (*r* = 0.219, *P* ≤ 0.01). Moreover, biofilm production was correlated to secretion of gelatinase (*r* = 0.148, *P* ≤ 0.05). But, a negative correlation (*r* = −0.234, *P* ≤ 0.01) between, biofilm production and phospholipase production was detected.

Antifungal susceptibility testing {#Sec19}
---------------------------------

The profiles of the in vitro susceptibility of *C. parapsilosis* complex species to to eight antifungal drugs are summarized in Table [5](#Tab5){ref-type="table"}. According to the interpretative criteria for resistance used for the antifungal drugs described in the material and methods, we found that few isolates were resistant to azoles. Some *C. parapsilosis* isolates met the criterion for S-DD to fluconazole (10.91%), itraconazole (16.36%) and voriconazole (7.27%). Moreover, 5.45% and 1.82% of *C. parapsilosis* isolates were respectively resistant to fluconazole and voriconazole. All strains of *C. metapsilosis* and *C. orthopsilosis* were susceptible to azoles; and isolates of all three species exhibited 100% of susceptibility to caspofungin, amphotericin B and 5-flucytosine.Table 5In vitro susceptibility of *C. parapsilosis* complex species to eight antifungal drugs*C. parapsilosis* (*N* = 55)*C. metapsilosis* (*N* = 6)*C. orthopsilosis* (*N* = 4)Range\
μg/mlMean\
μg/mlS %SDD %R %Range\
μg/mlMean\
μg/mlS %SDD %R %Range\
μg/mlMean\
μg/mS %SDD %R %Fluconazole0.25--322.42783.6410.915.450.5--10.833100000.25--0.50.43710000Itraconazole0.008--0.50.09683.6416.3600.016--0.1250.078100000.016--0.0640.05210000Ketoconazole0.008--160.321NDNDND0.008--0.0160.013NDNDND0.008--0.0160.010NDNDNDPosaconazole0.008--10.106NDNDND0.016--0.080.040NDNDND0.032--0.080.052NDNDNDVoriconazole0.008--80.19090.917.271.820.008--0.0320.018100000.008--0.0160.01010000Caspofungin0.032--1.50.426100000.064--0.250.136100000.064--0.250.12610000Amphotericin B0.016--10.293100000.064--0.50.240100000.064--0.250.172100005-Flucytosine0.03--20.110100000.03--0.030.030100000.03--0.0640.05510000*ND* Not determined due to lack of validated clinical breakpoints, *S* susceptible, *SDD* dose-dependent susceptible, *R* resistant

Mechanisms of azole resistance {#Sec20}
------------------------------

We were also interested in elucidating the molecular mechanisms associated with the resistance of clinical strains of *C. parapsilosis* to azoles. For this we analyzed by RT-qPCR the quantitative expression and copy number of four genes (CDR1, MDR1 and MRR1) responsible for the efflux of the azoles and the ERG11 gene (target of the azoles) of four resistant strains, six dose- dependent susceptible strains and twelve susceptible strains isolated from blood culture, comparing to the ACT1 gene and the susceptible strain TN106HC05 (GenBank Accession number KX421285). The overexpression of one or more genes was observed in five (50%) of the 10 clinical isolates of dose-dependent susceptible and resistant *C. parapsilosis* isolates (Fig. [1](#Fig1){ref-type="fig"}). None of these genes was overexpressed in the strains susceptibles to the different azoles (Table [6](#Tab6){ref-type="table"}). An overexpression of the CDR1 and MRR1 genes was noted in 2 out of 4 resistant strains and 2 out of 6 dose-dependent susceptible strains. In susceptible strains, the level of expression of CDR1, MRR1 and MDR1 varied respectively from 0.077 to 2.296, 0.052 to 2.108 and 0 to 2.352. The level of expression of CDR1 varied from 0.88 to 12.99 folds and the level of MRR1 varied from 0.558 to 25.498 in resistant and dose-dependent susceptible strains. The overexpression of the CDR1 and MRR1 genes was significantly associated with the resistant and dose-dependent susceptible phenotype (*P* = 0.015). The overproduction of the MDR1 gene was observed in a single dose-dependent susceptible strain with a level of expression equal to 13.401. Overexpression of the MRR1 gene was correlated with overexpression of the MDR1 gene only for a single strain (TN377HC03) among the four strains over-expressing the transcription factor MRR1. For the ERG11 gene, overproduction was observed also in the single isolate (TN377HC03) with a dose-dependent susceptible phenotype and it was expressed 3.518 folds. No upregulation of ERG11 was noted in susceptible strains. The overexpression of the CDR1, MDR1 and ERG11 genes was not associated with an increased copy number of gene in our strains of *C. parapsilosis*. However, the presence of MRR1 transcription factor in multiple copies at the genome has been associated with overexpression in two dose-dependent susceptible strains of *C. parapsilosis* (Table [6](#Tab6){ref-type="table"}).Fig. 1Study of the level of expression of ERG11, CDR1, MDR1 and MRR1 genes by relative quantification with RT-qPCR in *Candida parapsilosis*: 12 susceptible strains (green bars), 6 dose-dependent susceptible strains (yellow bars) and 4 resistant strains (red bars). Error bars represent the relative maximum (RQ max) and minimum (RQ min) quantifications with one standard deviation Table 6Antifungal susceptibility to the azoles and relative quantification of gene expression and gene copy number of ERG11, CDR1, MDR1 and MRR1 genes in *Candida parapsilosis*StrainPosaconazoleFluconazoleItraconazoleKetoconazoleVoriconazoleRNA relative quantificationDNA relative quantificationMICIMICIMICIMICIMICIERG11CDR1MDR1MRR1ERG11CDR1MDR1MRR1TN157HC020,016ND0,5S0,064S0,008ND0,008S11530,527125911691367204210873437TN180HC040,032ND0,25S0,125S0,008ND0,008S0,44522960,3790,6960,31712,9770,2030,227TN330HC040,032ND0,5S0,016S0,008ND0,008S0,5950,6930,9010,7336578957063647141TN176HC050,064ND1S0,064S0,016ND0,016S0,4890,3090,7810,5890,2960,2170,0190,034TN419HC050,016ND0,5S0,008S0,008ND0,008S0,31410450,0530,1170,3570,4610,1050,958TN597HC060,032ND1S0,064S0,016ND0,016S0,36718900,0740,0810,77316130,2473938TN81HC070,032ND0,25S0,032S0,008ND0,008S0,57914570,52421081961159736650,895TN123HC070,032ND0,5S0,032S0,016ND0,032S112317290,3270,7310,9730,76610611971TN826HC080,016ND1S0,064S0,008ND0,016S15250,5380,5840,9091421122012570,979TN28HC090,08ND1S0,064S0,008ND0,016S10461196235211660,92910050,8660,562TN144HC090,125ND2S0,032S0,016ND0,016S0,9480,3780,3120,3640,50210060,3432949TN14HC110,032ND0,25S0,064S0,008ND0,008S16440,0770,0000,0520,26118770,4951913TN70HC020,5ND4SDD0,5SDD0,064ND0,125S211518412192281244347221306013,487TN377HC030,5ND4SDD0,25SDD0,125ND0,125S351812,99013,40125,4980,50621290,3272977TN19HC080,5ND4SDD0,25SDD0,064ND0,5SDD0,9060,8190,3750,7610,4690,8810,6361659TN659HC080,032ND4SDD0,5SDD0,125ND0,32SDD1055136313810,725148624820,8780,907TN87HC090,125ND4SDD0,032S0,016ND0,016S0,69713650,4720,5580,5030,6170,3032681TN452HC150,032ND0,5S0,25SDD0,125ND0,125S18993504121324890,41110660,6492711TN33HC061ND16R0,5SDD0,25ND0,25SDD0,5180,8800,9710,87417927426134210,307TN460HC130,016ND0,5S0,016S16ND8R0,2382184184513130,56813190,3923028TN80HC150,5ND32R0,25SDD0,032ND0,008S227711,3201563288633200,49025721425TN87HC150,5ND32R0,25SDD0,032ND0,008S201311,0972016284534720,44426041262*I* interpretation, *ND* Not determined due to lack of validated clinical breakpoints, *S* susceptible, *SDD* dose-dependent susceptible, *R* resistant, *MIC* in μg/ml

In addition, correlation analysis results with Pearson's coefficient revealed that there was no statistically significant association between all virulence factors (biofilm-forming ability, gelatinase, caseinase, hemolysin, phospholipase) and the expression of the four genes (CDR1, MDR1 and MRR1) responsible for the efflux of the azoles and the ERG11 gene (*P* \> 0.05).

Discussion {#Sec21}
==========

Multiple virulence factors such as extracellular secreted hydrolytic and biofilm development have been developed by *Candida* species to assist in their ability to colonize host tissues, cause disease, and overcome host defenses. Since the report that *C. parapsilosis* was a cryptic complex of three species, many epidemiological studies have been reported worldwide. However, a less number of studies focused on biochemical/metabolic properties, antifungal susceptibilities, virulence factors' expression and pathogenesis of the three specie \[[@CR1], [@CR13], [@CR36], [@CR64]\]. Moreover, some discrepancies were observed in findings among studies from different geographical regions. So, we conducted this study to compare the pathogenic potential of *Candida parapsilosis* complex species isolated from various clinical samples based on the examination of the following features: hydrolytic enzyme production, biofilm formation, and antifungal susceptibilities.

Extracellular hydrolytic enzymes seem to play an important role in candidal overgrowth, as these enzymes facilitate adherence and tissue penetration and hence invasion of the host \[[@CR47]\]. Phospholipases facilitate the invasion of host mucosal epithelia by hydrolysing one/more ester linkages in glycerophospholipids, which are believed to be involved in disrupting the host cell membranes \[[@CR45]\]. In our study, among the 172 isolates of *C. parapsilosis* 63.5% were phospholipase positive with moderate activity for the majority of strains. Similarly, Treviño-Rangel Rde J et al. reported that 63% of the *C. parapsilosis* sensu stricto isolates exhibited phospholipase activity, and 53% were strong producers \[[@CR59]\]. Others studies founded low or undetectable phospholipase activity among *C. parapsilosis* isolates \[[@CR1], [@CR13], [@CR36], [@CR64]\]. Though, the majority of phospholipase- negative *C. parapsilosis* isolates was able to produce another lypolytic enzyme such esterase \[[@CR1]\].

None of the *C. metapsilosis* or *C. orthopsilosis* isolates was able to produce phospholipase as it was reported by others studies \[[@CR13]\]. However, Treviño-Rangel Rde J et al. described that almost all of the *C. orthopsilosis* (97%) and *C. metapsilosis* (80%) isolates showed phospholipase activity \[[@CR59]\]. Moreover, Ge YP et al. showed that 90.5% of *C. parapsilosis* and 91.7% of *C. metapsilosis* isolates were phospholipase producers with high proportion of strong production \[[@CR23]\].

This wide variation in phospholipase activity of *C. parapsilosis* complex species is of interest. It was attributed to the use of different media for enzymatic test, small sample size, and/or inherent biological variations among isolates... \[[@CR1], [@CR13], [@CR23]\].

Additionally, contrasting findings were also reported in studies comparing systemic and superficial isolates. Some investigators found positive activity only in blood isolates \[[@CR59]\] while others identified a higher level of activity among superficial isolates \[[@CR23]\]. In our study, we don't found an interesting statistical association between the clinical origin of the isolates, particularly those recovered from blood and phospholipase production. But, it was interesting to note that the strains isolated from blood culture, skin, and hand carriage of health workers showed similar activity. Therefore, phospholipase production can become a parameter to distinguish virulent invasive strains from non-invasive colonizers \[[@CR12], [@CR45]\].

Proteinases exhibit broad substrate specificity and are capable of degrading host epithelial and mucosal barrier proteins such as albumin, collagen, keratin, and mucin. They also aid *Candida* to resist cellular and humoral immunity by degrading antibodies, complement, and cytokines \[[@CR7]\]. Most of the studies on exoenzymes produced by *C. parapsilosis* complex species are focused on secreted aspartyl proteinases (SAP) which are secreted in vitro when the organism is cultured in the presence of exogenous protein (usually bovine serum albumin) as the nitrogen source. However, variable protease activity (ranged from 17% to 100%) has been found by different authors among *C. parapsilosis* sensu stricto isolates \[[@CR1], [@CR13], [@CR34], [@CR56], [@CR59]\]. In this study, we opted to use casein and gelatin as substrates for evaluation of proteinase activity. 92.3% of *C. parapsilosis* isolates were caseinase producers, most of which (87.2%) showed strong enzymatic activity. Limited phenotypic data pertaining to the caseinolytic activities of *C. parapsilosis* complex species are available. The only previous study of caseinolytic activity among *C. parapsilosis* complex displayed that only 5O% of *C. parapsilosis* sensu stricto produced it \[[@CR64]\].

Moreover, previous studies reported variable proteinase activity among the two others species of the cryptic complex. Some authors reported that none of the *C. metapsilosis* or *C. orthopsilosis* isolates exhibited proteinase activity \[[@CR13], [@CR56]\]. Sabino R et al. showed that *C. orthopsilosis* were SAP producers, whereas *C. metapsilosis* were not \[[@CR44]\]. Others recent reports found also a high proportion of isolates of both *C. metapsilosis* and *C. orthopsilosis* exhibiting protease activity \[[@CR23], [@CR34], [@CR59]\]. Using casein as substrate, all ours isolates of *C. metapsilosis* and *C. orthopsilosis* were proteinase positive. Higher caseinase activities were detected in *C. parapsilosis* and *C. orthopsilosis* than in *C. metapsilosis* isolates with a statistical significant difference. Ziccardi M et al. reported that none of *C. orthopsilosis* isolates was caseinase producer \[[@CR64]\].

Interestingly, we showed that 96.5% of *C. parapsilosis* strains and all isolates of *C. metapsilosis* and *C. orthopsilosis* produced gelatinase. But, none of *C. albicans*, *C. glabrata* and *C. krusei* isolates possessed the ability to hydrolyze gelatin in another study \[[@CR41]\]. In the present data, statistical significant difference was observed between the mean indices of *C. albicans* and *C. parapsilosis* complex species for caseinase but not for gelatinase.

The ability to express proteinase enzymes not only varies among different species of *Candida* but also differs among the strains of same species isolated from different body sites \[[@CR16], [@CR42]\]. Corroborating these findings, De Bernardis F et al. identified positive proteolytic activity in all skin isolates of *C. parapsilosis* but none in blood ones \[[@CR14]\]. Cassone A et al. also detected a higher proteolytic activity in vaginal *C. parapsilosis* isolates when compared with blood isolates \[[@CR9]\]. Tosun I et al. described that urine-derived isolates have higher SAP activities \[[@CR56]\]. However, we showed that no statistical significant association between anatomical origin and production of this virulence factor \[[@CR55]\].

Haemolytic activity is another virulence factor exhibited by pathogenic microorganisms which permits growth in the host using as a source of iron the hemoglobin an iron-binding protein \[[@CR30]\]. In this study, all the strains possessed the ability to show haemolysis on blood agar as it was reported by others investigations \[[@CR1], [@CR20]\]. Moreover, *C. metapsilosis* exhibited the low hemolysin production with statistical significant differences compared to *C. parapsilosis* and *C. orthopsilosis.* Treviño-Rangel Rde J et al. described that hemolysin activity was significantly more abundant in *C. orthopsilosis* (87%) than *C. parapsilosis* sensu stricto (67%) and *C. metapsilosis* (80%) \[[@CR59]\]. Interestingly, we noted that the haemolytic activity of *C. albicans* was statistically significantly lower than that of the *C. parapsilosis* isolates, which contrasted with the finding of previous studies \[[@CR12], [@CR36]\].

Biofilm formation is considered a virulence factor due to the ability to confer resistance to antifungal therapy and protect the fungal cells from host immune responses \[[@CR60]\]. It besides possibly being in *Candida* a key factor for the survival of these species, and may also be responsible for them being particularly well adapted to colonization of tissues and indwelling devices \[[@CR50]\]. However, this issue is not completely clear, once the literature reports many controversial data about the biofilm-forming capacity of the three species of the *C. parapsilosis* complex \[[@CR43]\]. In our study, these three species were able to form biofilm. This finding agrees with the results of previous studies \[[@CR32], [@CR43]\]. The species with the highest biofilm production was *C. parapsilosis*, followed by *C. orthopsilosis* and further by *C. metapsilosis* \[[@CR32], [@CR43]\]. Though, Lattif AA et al. reported that clinical isolates of *C. parapsilosis*, *C. metapsilosis*, and *C. orthopsilosis* were able to form biofilm with similar surface topography and architecture on abiotic surface (silicone disks) \[[@CR28]\]. Some authors have reported that *C. orthopsilosis* and *C. metapsilosis* isolates are not able to produce biofilms in vitro \[[@CR15], [@CR51], [@CR56]\].

In the present work, it was noted also that the biofilm forming ability of *C. parapsilosis* was highly strain dependent with important heterogeneity, which was less evident with both *C. orthopsilosis* and *C. metapsilosis*. Silva S et al. demonstrated that biofilm forming ability, structure and matrix composition are highly species dependent with additional strain variability occurring with *C. parapsilosis* \[[@CR50]\]. Such findings undoubtedly reflect inherent physiological differences between strains and could have significance with respect to pathogenic potential \[[@CR50]\]. So, investigations of biochemical and genetic mechanisms in biofilms are needed.

Interestingly, there was no statistically significant association between biofilm-forming ability and the clinical origin of ours isolates \[[@CR13], [@CR15], [@CR50]\]. Others reports have demonstrated that blood biofilm production was linked to anatomical origin of isolates \[[@CR55]\]. Nevertheless, it is noteworthy that several of these mentioned studies are not directly comparable because they differ in important aspects, such as the biofilm formation process, the methods to evaluate biofilm production (i.e., crystal violet staining, XTT reduction assays, or measured transmittance or absorbance without staining), and the criteria for considering an isolate as a biofilm producer \[[@CR13]\].

Interestingly, we found a statistically significant inverse correlation between phospholipase activity and the ability to form biofilm. This suggests that phospholipids are directly implicated in biofilm composition and stability, for *C. parapsilosis* complex species. According to Lattif AA et al., *candida* biofilms contained significantly higher levels of phospholipid and sphingolipids than planktonic cells and lipid rafts are critical to the ability of *Candida* to form biofilm \[[@CR27]\].

Overall, our findings demonstrate that *C. metapsilosis* was the least virulent species of the *psilosis* group except for gelatinase activity, which was supported by the literature. In fact, according to the studies conducted in vitro or in vivo, *C. metapsilosis* has been reported as a less virulent member of the *C. parapsilosis* complex in an epithelial and epidermal tissue models \[[@CR21]\], in an in vitro infection model using microglial cells \[[@CR35]\], in a murine model of vaginal candidiasis \[[@CR5]\] and also in an in vivo model system using *Galleria mellonella* larvae \[[@CR34]\].

There is a growing concern related to antifungal susceptibility profiles of *C. parapsilosis* complex species. In this investigation, all *C. parapsilosis* isolates were susceptible to amphotericin B, and 5-flucytosine. Nevertheless, Some *C. parapsilosis* isolates met the criterion for S-DD to fluconazole (10.91%), itraconazole (16.36%) and voriconazole (7.27%). 5.45% and 1.82% of *C. parapsilosis* isolates were respectively resistant to fluconazole and voriconazole with some strains displayed a multiazole resistant phenotype \[[@CR43], [@CR49], [@CR58]\]. These results are discordant with several studies demonstrating the greater efficacy of these new triazoles (i.e., voriconazole) against *C. parapsilosis* complex isolates \[[@CR3]\].

According to the recently revised CBPs, none of our isolates were resistant to echinocandins \[[@CR6], [@CR55], [@CR57]\]. Our data are inadequate to others surveys who described a reduced susceptibility to echinocandins probably due to a naturally occurring Proline to Alanine amino acid change (P660A) in the glucan synthase enzyme Fks1p \[[@CR3], [@CR22], [@CR58]\]. Moreover, all *C. orthopsilosis* and *C. metapsilosis* were sensitive to the others tested drugs. In contrast, some reports have shown that these two species exhibited low susceptibilities to amphotericin B \[[@CR17], [@CR43]\], to fluconazole \[[@CR11], [@CR13], [@CR24], [@CR53]\] and to itraconazole \[[@CR3], [@CR43]\]. However, because of the small number of isolates belonging to the newly identified species, our study may not provide an entirely accurate picture of the antifungal susceptibility patterns of *C. parapsilosis* complex species. So, testing more isolates is required for determination of virtual rates of resistance among the strains of the two former species.

Despite the potentially rising incidence of *C. parapsilosis* and the threat that fluconazole resistance could pose in a clonally expanding population, previous studies have provided limited information concerning molecular mechanisms of azole resistance in *C. parapsilosis* \[[@CR25], [@CR48], [@CR52], [@CR63]\]. Quantification of drug resistance gene expression in *Candida* isolates with reduced azole susceptibility is a valuable tool for understanding the molecular mechanism(s) of azole resistance and monitoring for the emergence of resistance \[[@CR29]\]. To our knowledge, this is the first assessment at molecular level of azole resistance mechanisms in *C. parapsilosis* isolates from Tunisia. We assessed the quantitative expression of the ABC transporter CDR1*,* the MFS transporters MDR1*,* the zinc cluster transcription factor MRR1*,* and also ERG11.

In our study, we confirmed the involvement of drug transporters CDR1 and MDR1 in the phenomenon of azole resistance in strains. Our findings showed an increase in CDR1 expression in 50% of the resistant strains and 33.3% of the dose-dependent susceptible strains, suggesting that this transporter contributes to the azole resistance. According to Berkow EL et al. (2015), sixteen strains of *C. parapsilosis* resistant isolates (45.7%) showed an increased CDR1 expression with a minimum of 2-fold \[[@CR4]\]. In contrast, all resistant isolates of *C. parapsilosis* expressed increased levels of CDR1 (3.3--9.2 fold) in the presence of fluconazole during the study of Souza AC et al. (2015); but with a varied expression of the two drug transporters genes. More isolates showed CDR1 overexpression than MDR1overexpression \[[@CR52]\]. In addition, overexpression of CDR1 and CDR2 has been shown to lead to cross-resistance of the same isolate to multiple azole antifungals, whereas overexpression of MDR1 has been associated with fluconazole resistance only \[[@CR19], [@CR61]\]. It has also been reported that CDR1 is more closely associated with azole resistance than CDR2 in *C. glabrata* \[[@CR46]\] and in *C. albicans* \[[@CR10]\].

Berkow EL et al. (2015) have suggested that the overexpression of the putative drug transporters CDR1 was due to activating mutations in the genes encoding their transcriptional regulators. In fact, among 16 CDR1-overexpressing isolates, mutations G650E and L978 W leading to amino acid substitutions were detected in TAC1 in respectively 2 isolates and 1 isolate. None of these SNPs corresponded to a documented activating mutation in CaTAC1 of *C. albicans* \[[@CR4]\]. Silva AP et al. (2011) suggested an overexpression of CDR1 in fluconazole induced resistant *C. parapsilosis* strains, since they observed upregulation of the transcription factor NDT80 which, in *C. albicans,* modulates azole tolerance by controlling the expression of the CDR1 gene \[[@CR48]\].

For *C. parapsilosis*, Berkow EL et al. (2015) observed a marked overexpression of the major facilitator efflux pump MDR1 in only three (out of 35) resistant isolates with a minimum 25-fold increase \[[@CR4]\]. The same was found to be true for the isolates of *C. parapsilosis* examined in the present study which showed an overexpression of MDR1 for only one strain. In addition, in the study realized by Souza AC et al. (2015), 2 of 9 isolates showed increased mRNA expression of MDR1 in the presence of fluconazole \[[@CR52]\]. However, MDR1 expression was upregulated by 19.43 and 40.22 folds in the resistant strains obtained after exposure to fluconazole and to voriconazole \[[@CR48]\]. As for *C. albicans,* overexpression of MDR in *C. parapsilosis* is also correlated with increased expression of aldo-keto reductases and other genes associated with the oxidative stress response, which may protect cells from damage caused by toxic molecules produced in the presence of azoles and also contribute to antifungal drug resistance. The expression of these genes is also regulated by MRR1 transcription factor \[[@CR48]\].

The present study showed that the expression of MRR1 was also upregulated in *C. parapsilosis*. Silva AP et al. (2011) also correlated the overexpression of MDR1 and mutations within MRR1 with fluconazole resistance in resistant isolates of *C. parapsilosis* \[[@CR48]\]. More recently, a surveillance study of a collection of clinical isolates of *C. parapsilosis* has again implicated MDR1 and MRR1 in resistance to fluconazole in this species \[[@CR4]\]. As reported for *C. albicans*, upregulation of MRR1 may be caused by single gain-of-function mutations \[[@CR18], [@CR33]\]. Two mutations (G1747A and A2619C) were identified in the MRR1 coding sequence of azole-resistant *C. parapsilosis* isolates that resulted in an amino acid exchange (G583R and K873 N) \[[@CR8], [@CR48]\]. According to Zhang L et al. (2015), overexpression of MDR1 genes were detected in the two resistant isolates, and this was associated with a homozygous mutation in MRR1 genes (T2957C /T2957C), with the amino acid exchange L986P \[[@CR63]\]. According to Grossman NT et al. (2015), polymorphisms in MRR1 are common, and only some are associated with overexpression of MDR1. They suggest that there is a hot spot for gain-of-function mutations in MRR1, in the region coding from amino acids 852 to 875.They identified one clinical isolate with a polymorphism in this region, corresponding to L779F (G2337 T), which has 73-fold upregulation of MDR1 \[[@CR25]\].

The upregulation of the ERG11 gene was noted only in one dose-dependent susceptible isolate from this collection. However, in the study of Berkow EL et al. (2015), ERG11 was found to be overexpressed in many of the azole-resistant clinical *C. parapsilosis* isolates, as has been observed in *C. albicans*. Eight isolates (22.8%) exhibited a minimum increase in ERG11 expression from 2-fold to 11-fold in *C. parapsilosis* \[[@CR4]\]. Silva AP et al. (2011) founded that expression of ERG11 was reduced in the resistant strains of *C. parapsilosis* \[[@CR48]\]. This observation might be related to the fact that the ERG11 overexpression was assessed in the absence of exposure to azoles, likewise in our study \[[@CR52]\]. Overexpression of ERG genes is correlated with increased expression of the transcription factors UPC2 and NDT80. In fact, a resistant strain obtained after exposure to posaconazole showed upregulation of these two transcription factors (UPC2 and NDT80) and increased expression of 13 genes involved in ergosterol biosynthesis \[[@CR48]\].

Other resistance mechanisms apart from those already described, such as mutations in the target enzymes, might be implicated \[[@CR8], [@CR48]\]. Grossman NT et al. (2015) also examined the sequences of ERG11 for the presence of amino acid substitutions. They identified the Y132F substitution as well and in fact observed it in 56.7% of their fluconazole- resistant isolates. They concluded that this mutation is perhaps largely responsible for most of the fluconazole resistance observed within this species \[[@CR25]\].

Contrary to what was expected, the upregulation of the CDR1, MDR1 and ERG11 genes was also not associated with an increased copy number of gene in our strains of *C. parapsilosis*. Thus, the presence of genes that encode membrane transporters in multiple copies at the genome of *C. parapsilosis* was not responsible for an increase in transcription levels in our isolates. Thus, in these strains the upregulation of these genes is controlled by another molecular mechanism.

Conclusion {#Sec22}
==========

In conclusion, this investigation provides more information about the frequency of the production of the major enzymes considered to be virulence factors of *C. parapsilosis* complex species and reinforce the heterogeneity of this fungal complex. But, it still remains unclear what virulence factors may play a role in the final outcome. Moreover, the fact that phenotypic properties were found to significantly differ in strains isolated from various geographical regions suggests that other mechanisms such as epigenetic modifications may be used by this yeast to adapt to environmental changes \[[@CR55]\]. Further in vivo studies are necessary and the molecular mechanisms of pathogenicity should be more explored, to better understand the pathogenesis of the infections caused by the *C. parapsilosis* species complex. Finally, we have demonstrated that a combination of molecular mechanisms, including the overexpression of ERG11, and genes encoding efflux pumps are involved in azole resistance in *C. parapsilosis*. However, it is likely that the presence of point mutations in the ERG11 gene or additional mutations in transcription factors, or other mechanisms still unknown, probably exist in ours strains of *C. parapsilosis*.
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